Precision measurements of the microwave surface resistance R s of in situ M gB 2 films directly reveal an exponential behavior of R s at low temperature indicating a fully-gapped order parameter. The entire temperature dependence of R s is well described by a Mattis-Bardeen formalism but with a small gap ratio of ∆(0)/kT c = 0.72, corresponding to ∆(0) = 1.9meV .
R s data is well described by a BCS s-wave Mattis-Bardeen calculation with the same small gap ratio.
The films were grown by PLD deposition of MgB 2 /Mg mixture at 300 C followed by an in situ annealing at 600 C [6] . The structural morphology of the films is nanocrystalline mixture of textured MgO and MgB 2 with grain sizes around 50 o A (Fig.1) . Zero-resistance transition temperature of 34K was obtained in the best samples using this technique, and the film used in this paper has a sharp superconducting transition at 31K with width of 1K.
The measurements were carried out in a Nb superconducting cavity resonant at 10GHz using the "hot finger" technique which has been well established to yield results on bulk and single crystals [7] . Using a new analysis method, the microwave properties were measured in the perpendicular geometry, i.e. H ω ⊥ film plane. The film is placed in the center of the cavity and the measurements are carried out in the T E 011 mode. The sample temperature can be varied over a wide range from 300K to 4.2K (or 2K), while the Nb cavity is maintained at 4.2K (or 2K) ensuring a very high Q and correspondingly low background, and the surface impedance Z s = R s + iX s is obtained as described below.
We have adapted the cavity perturbation method that has previously been exhaustively analyzed and used for bulk samples [7] , to take into account the enhancement of the external fields at the sharp edges of the sample, we use a general theory by E. H. Brandt [8] calculating the response to an applied perpendicular ac magnetic field H ω of the thin film which is characterized by frequency dependent complex resistivityρ ω . In this formalism one is able to calculate the sheet current J ω (y, z) by solving a one-dimensional integral equation. The solution can be approximated with high precision by a finite sum and allows to calculate the magnetic moment and the complex magnetic permeability µ = µ ′ − iµ ′′ of the sample. µ = n c n /(Λ n +w). The coefficients c n and the poles Λ n were calculated by Brandt for both strip and disk geometry [8] . The parameterw is given by the expression,w = iωadµ 0σω (ω)/2π
where 2d is the thickness of the sample and a represents the dimension of a square strip or the radius for a disk. The frequency dependent complex conductivity isσ
The methodology of the experiment is similar to the bulk samples microwave measurements. At every temperature T, the cavity resonant frequency f 0 (T ) and the width ∆f (T )
were measured .The complex cavity frequencyf ≡ f 0 + i∆f /2 is related to the sample electromagnetic permeabilityμ ω by the following equation:f s −f e = g(1 −μ ω ), wheref e andf s are complex frequencies of the empty cavity and the loaded one respectively. From µ ω the sample's complex conductivityσ sω can be determined by inverting the complex frequency shift equation using a MATLAB routine. The geometric factor g was experimentally determined by assuming g = α(f 0s (0K) − f 0s (T ≫ T c )), where f 0s (0K) was determined by extrapolating f 0s from the lowest measured temperature (usually 2K or 4.2K) to T = 0K.
The coefficient α is determined such that the calculated value of λ(0) matches the experimental value. Only the very low T value of λ, viz.λ(0) is sensitive to this choice -overall the results obtained are extremely robust over a wide range of T . From the measured complex
obtained. Note that this is the bulk impedance of the thin film material, and not the actual thin film impedance which can be calculated using suitable thickness-dependent thin-film expressions.
The bulk superconducting microwave surface resistance R s (T ) of the thin film material is shown in Fig.2 . The normal state surface resistance is rather high ∼ 0.4Ω, consistent with a normal state resistivity of 230µΩ − cm. Although the surface resistance starts at relatively high value above T c , it starts to drop rapidly as temperature decreases. At T c /2, R s ∼ 1mΩ
and below approximately 15K the drop becomes more rapid reaching values below 50µΩ
as the temperature reaches 4K. This last rapid decrease is characteristic of an exponential behavior as will be seen shortly.
The bulk surface impedance of a BCS s-wave superconductor can be derived using the relation between the impedance Z s = (−µ 0 iω/σ s ) 1/2 and the Mattis-Bardeen [9] complex conductivityσ s = σ 1 − iσ 2 . The normalized conductivity can be calculated using
, and
where g(E) is the appropriate factor incorporating the density of states and BCS coher- (Fig. 2) .
The low temperature data shows an exponential temperature dependance according to is not directly seen. This is consistent with tunneling data which report that the small gap also appears at T c as the temperature is lowered. The temperature dependence of the gap indicated by our measurements is close to the mean-field temperature dependence. 
